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KIM DEWS^TX ASBESTOS-FREE 
TO3SM0RITE THERMAL. IHSUlATTOR 

Background of .ft jLjwgjffilSSL 
Thfc Invention herein relates to thermal Insulfttioas, 
Mare particularly It relates to h.1{jb density Lherinal inflations 
composed largely of calcium silicate tartrate. 

Calcic silica te hydrate Insulations have In the 
past been d1*1de<l by industry practice iftto Uu groups low 
density and high density,. The low density or Hgbtaoltfrt 
insulnttons generally Jiava densities of Uss thsii 20 1b/cu- ft, 
("pcf 1 ; 0,3 g/ai 3 >, -Such material * ire used primarily as 
shgrt length cnveHngs and blocks ?or tank *nsw"ia«ws 
and the IHie. T**y navR Timtted physical strength w impact 
resistance *od mast be used ici saltings yhera they ?iiVI nflt 
be subjected tn any physlcial impacts. In the part such 
lightweight <nafc&ria1s wre calcium 5 Ul<ite hydra Les reinforce 
with asbestos fibers; » typical wimple of such material* 1s 
Illustrated in U-S. Patent Mo. 3,t!01,fla2, Subsequently 
«b*stos-freii calciuw silicate hydrate I1<jrtm1*t insulations 
>rcre developed, and topical examples are tllustrated tn 0,3* 
PrtfiOC& Nos, 3,501 ,i24 and 3,(S79,44&. In mort practical 
• industrial uses Che Htfitwe^bt calcium slltcrta hydrate 

. insula dons bare densities r>n l*e order of 9 tn 15 pcf 

{ Q , u t<J o,22 g/ern^)' * typical example is tn asbeslos^frea 
[ c al ctura st Heats hydrate liraulatSon with a tensity flioui 

f>';i : n p c f 3/ cm 3 ) -said CQOTiierclally by the Jo&ns-NamriHc- 

Carporatiaa under the trademark 7VOM-12* 

Industry practice has heretofore defined high density 
l : V: calcium silicate hydrate 'insulation* as those having .densities • 

;V 0 f zo pcP (0.3 g/o3) or bisfcer; conn»«1y thaw have densities 

": 30 g f 35 to SB pcf .{El. 56 to 1-04 g/CJW 3 ), Ttes& hjgh d&TOity 
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togbmorite thermal, iusulatioh 

Backg round of the iwant ioo, 
Th& Invention herein relates to thermal tnsulftttoas, 
Mare particularly It elates to h.lgb density Lherjnal Insulations 
composed largely of calcium silicate hydrate. 

Calcic silicate hydrate insulations have In the 
past been dWIded by Industry practice late two ffroup*: low 
| density and high density. low density or HgbtwGi9« 

insulations generally tave densities of teas thsfi 20 lb/cu- ft, 
("pcf 1 ; 0,5 g/cai^h -Such materials ire used f>Hwarily as 
short length pipe coverings and blocks for tank tnsu'iatiQns 
and the lHte. Tfcey hav* -limited physical strength or impact 
resistance *od must be ussd in seLttmgs yhera ttey will not 
be subjected tn any physical impacts- In tfte past such 
liahtwtght materials wre caLtSurc silltata hydra Les rein-forced 
vith asbestos ftoers; u typical pimple of sucfc material* is 
Illustrated in U.S. Patent Wo. 3*001 ,i»2. Subsequently 
aAeatos-frw calciu* silicate iydrate 1 1<Jrtweight inflation* 
xere developed, and typical example* are illustrated tn 
Patents Was- ^501^24 asid 3,679,446. In most practical 
;;'=:. • industrial u4es the Htfitweiqtrt calcium si ltcata hydrate 

inflations h4W densities on Bus or tor of 9 tn 15 pcf 
(q,h to 0,22 g/em*)j * typical example is ^fi asbeslos-fre* 
calctura atllcate hydrate insulatwn with a density of about 
n p> c f (0.1S $/cm 3 ) -itfrJ camiwHally by the Oofcns-Nanvnie 
Corporatlcft under the trademark THtWO-l 2 * 
;,; Industry practice has heretofore defined hi^ti density 

\ m '}: calcium silicate hydrate 'iasulatiw* as those having .densities ■ 

, 0 f zo pcP (0.3 ci/cm3^ or bicker; comma! y ' th&se h&'/e densities 

3Q 35 to 65 pcf .{11.56 to 1.04 fj/ae 3 ), Ttese »vi<jh (tensity 
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Eratcrial^ offer not i;nly good therm*! Insulation properties 
hut also sufficient s trength and durability suci> that "they c*ii 
be ma riufac tared as large sheets and vsed for sfilMupporcing 
watls>, ovdici linings, ship bulkheads and the like. Unlike the; 
lew density materials, the high d&nalty insulations have good 
nailing, cutting and SLreu holding character! sties, swefc that 
tb&y gan be handled in a mnner similar to mftoy other construction 
materials. A ftigfi density material of tfci$ type '.tflcb established 
a very significant place in tfie jairfcetplaco for oany years was 
in asbestos reinforced calciuai silicate hydrate board toying 
densities ranging from 23 to 65 p<:f [n, 37 to 1.D4 y/cm 5 } antf 
whtdi kqs sold ceflnsrcially by the Johns -Neville Corpora hi on 
under th* trademark M^JUNTTE, Descriptions of sych high 
density calcium silicate hydme insulations will be found 1m 
H, 5, Patents m$ r 2,326,51b and 2 ,328 .5? 7, 

Ik addition, calctmn silicate tns,ul*tfons have been 
classified on the basis of the crystalline structure of the 
catdum silicate hydrate wfcldi in&ksii up the Insulation iiatrf.c. 
References have shown that the crystalline it mr:t u.rs of the 
Insulation calrimn silicate hy<fr*tes can be varied among 
tohermorlte, sonuilite and mixtures tfiereirf, depending on the 
reaction conditions Involved, .$ae> for -instance: a U.S. Patent 
Ito- 3*501,32*; tolouSek et aT, J, PmXtr.Scc 4D, 7, 236-239- 
COuly, 1957); and Flint et al, "Resesrdi Paper RP-114V' 
^ teB.HatKB^ Stjfa^. 21, 677-638 (Uwoaber, 19 J^), 

U.S. Patent Mo. 3J16 s t5a to k. C, Ta?/lor describes 
Insulation^ having l&bermjorftfl, xomotlite or m1x£d m trices, 
and atso contain^ TOllastontte. (fibre-us anhydrous calcium 
silicate) as a reinforcing fiber, Taylor strassos, how&ver, 
that If the matrix Is toberrorite. tvallastonite mst be used 

-3- 
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sparingly inct only 4$ a Hutted partial substitute for- a^stos, 
Taylor tembes tf«t in order- to prevent slum settling and 
resultant poor products, tJie fibrosa component tn the taternortt* 
slurry must contain at least «K by weight asbestos and in 
some cases roust contain up to 853 b.y weigh l aieestos. with <i 
wnotlUe inatHx, however, all the asbestos may be replaced by 
wlltttDMte. Tiylor also fetches- that the fibrous Mnponorrt 
(asbestos- pl« wollastenfte) in a tobermHto tutrix must not 
exM«| 20* hy mfght of the total sol Ida, so that the wol lastonUo 
content cannot exceed Vi% by v#ight of the total solids. On 
^ the otter hand, in a xoaotHte matrix, as much as SOS by 

> • ««ighs of the solids m. v be Hollasftjnite. similarly, U.S. 

■| Patent Ho. 3,001 .tea (also to Taylor] describes the addition 

•1 of H «H«tonite tu a xonotnte matrix « <| D e S U.S. Patent Ho, 

5 3^]7,643« Grther pa&ecit& such 55 U,S, Patent Ho. 3,236,052 

j and British Patent No, 984,11 Z, motion wliastoiitte i.n other 

1 cryitilUM ptoses of calcium rfliwta arterial*, hbllutantta 

■j as the natrtjt itself is tflsclgsed In U,S. ?*tent Mi. 3,928,054. 

While the high density asbestos reinforced ca?ciinn 
silicate hydrase thermal insulations hive 3Dr0vftrf.tr> j>i^ly 
&ff active for ir^ny years, nse«nt questions. h^Hseci regarding 
the health aspects of asbestos titer make tt deslr.ahie to 
provide sn asbestos-free high de^ity calcium silted hydrate . 
Insularly, which insulation would be comparable 1h tin rail 
and ptortfrti properties to tfte pr\or art Mgh deruriiy «bestw- 
contalMng Insulations, 

la pursuit of this goal, an asbestos-fres ttbernioi-ite 
■ntrfa Insulation containing ok tfie order of 2a tn & percept 
by vei^ht wollostonlte {baaed -on solids) «u placed on the 
narfeet by Johns-^nvnie Corporation In 1975. mts product 



20 



20 



-4- 



Jany2html?FILENAME=%2Fcpoti%2Fprod%2Fapache%2Fhtdocs%2Fcache%2Fmodca%2F7 8/24/99 



*01129575dis.afp Page 4 



Page 2 of 4 



initially provad satisfactory 1a Its physical and thermal 

properties, but continued use in the f<e?d showed that' 1c 

quite susceptible to cracking after a period of use. Cracking 

of the material of course troys tfcs insulating mlue tn th* 

vicinity of each crsick, \ ; 

In addition* it U desirabl* to have an Asbestos- 
free tohermonta calcium silicate hydrate 1nsuTation : for 
production of 3 xonotlite jsktrfs requires sfgnlPlacitty more • 
sever* reaction conditions of pressure, temperature and indurating 
Li then production of a tobermoritG matrix, as the. abov« : 
patents such as U.S. Patent No. 3,501 T 324 evidence* and t&us 
is not economically practical in many Instances, Can sequent ly T 
if there cuuld be full substitution of wo 11 acton J Ik for asbestos 
in the high density tobannorfta products and one did not (14 ve 
to obtain stonatlUe fio fully uMltie wollas^nlte, hltfh density 
cakium silicate hydra t a reinforced product production would 
be ?1 gn-1 f I can t Ty 0 nh in ce<i , 

Su mmary of the Invention 

The 1nv*nt1un herein Is an a^bestos-fr** crack- 
resistant thermal insulation body formed by slurrying a mixture 
consisting Isanti ally of, in parts by weight; IB by 3& parts 
of lime. IS to 35- parts of a siliceous component. 40 to 70 I 
parts of wallas ttti its > and 1 to 10 parts of organic fiber a and 
where the wo Hast on Ue content Is at least 40 ptrcnat .by '"; 
weight of the total Keighc of solids, said mixture contain*^ 
no asbestos fiber and having the Hjhe- mid' silica present in a 
ratio suitable for th$ formation of tobcrmori U > in at least 

one part by vteight water per part by weight of said mixture; * 7 

raold^ng the .slurry to a shupe- retaining body having * density 

of at tea&t 20 pcf; and thereafter -curing the molded body in . '/ 

-S- v 
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t am atmospherR of steam at nkvated pressure ffir sufficient 

time to caus* the IhfiKj siliceous exponent and water to react 

to form a tobennorite heated calcium silicate matrix reinforced 

hy said wtPllastonitc. In various embodiments th$ mixture also 

contains vp to 15 parti] by weight synthatic iaor^anic fiber 

and/or up to ZQ parts by weight perl He, Tt 1s preferred that 

tfie body be molded to a derLsHy of at least 3$ pcf. In further 

embodiments the cur $.6 body may E>e laminated to various facing* 

or veneers for appea ranee or- surface treating pwposss, :* 

10 ftetaj l sd tescrlptl nn an d Prefer rf?d Erabodi awnts 

The principal c exponents of the present Insulating * 
condition are lime, silica* wollasioji Ita and a small amount 
nf organic fiber. Tire lime may be a^y suitable hydra ted lima 
or quicklime. Tta lime w*n be present as From IS to 35 parts 
by weight of the mixture o? cit*y lolids and prefgrably shout 15 .\ 
to 25 parts by weight of the mixture. 

The s11tce[>ui component of th t> mixture may be any nf 
a wide variety of substantially pure duress of silica* Ttte*e 
may Include siTica, diatanlLe ojid similar mateFla.ls- Tfis " 

10 sllfcRous component win be .present as From ^ tc- 35 parts by .-v 

weight of the mixture, preferably 15 to parts h-y weight- 

(Hereinafter tfe siliceous component HVl of ton- bs referred to JX 
as "silica" for brevity. It 11 be understood* however, tha.t 
this abbreviated terui i& not meant to limiting, } 

Particle size and degree of purity ef tt»a lime and .*.;•;. 
siliceous cowporients win be- substantially tnt> same as ttiQSQ 

Mm and siliceous components used ?n the past for asbestos- '"'V 
reinforced calcium silicate mateHftls, 

The llaie And silica will be present in a ratio of 

to ■ *• 

0.50 to 1-1 parts of lime- per part by weight of sUtca. . :■• 

■t 

-6- 
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Preferably, however^ the? Tikis and ill lea win be prosit In * 
rat-To within tte range of 0.6 to 1,0 parts by weight of 1 Inie 
per part by NelgJit of silica. Under tfce conditions vf- reaction 
described balw fobermaHtB is forarcd AsaantUlly exclusively. 
If the suia 1s prascae in, excels oyer t*iR 1.1:1 ratio, scwe 
&fl1c3i will remain unrated and/ or- significant aurcynts of 
other calcium silicate hydrate crystal Inn phasna, including 
xonotlite t may be formed. 

"Hie critical third tngrtdlaut gf the present thermal 
insulation condition 1b wol labourite, which Is si fibrous 
crystalline forra of anhydrous, calcium silicate oftcji ref'Hrred 
to by Che formula CaS1Q 3 , In the novel tobfirmtiHte compositions 
he he in the vol la 5 ton ite Is- present as from 40 to 7Q parts hy 
weight of the dry mixture. In addltunu it is critical to the 
crack-distant property of the Insula ttrtns of this tnveirtiun 
that the viol lastonita be present in at 1-aast 40 parent b.y 
weight, preferably aL least about 50 percent by weight, of the 
total solids. This- is b complete departure from the prior art * ? 

materials where wtfUastoBlte could b* used by itself onfy in a 
xonotUte matrix and required tht> presence of large amounts of 
asbestos for satisfactory inclusion in a tDuermorite matrix. 
It is alsn a major departure frora the Oubns-Manvine product 
described above in that the w*TU4to»ite In Lhe present material 
1s the major and generally, predemtnanv component , . Neither 

have such Urge quantities oF wolUstonttc heretofore been \ 
used in a calcium silicate matrix- 

The insulation .body will also contain- , In iiddition *:;• 
to the- lime, silica and wolUstomte, 1 to 10 parts by weight, 
preferably 1 to & parts by weight, of organic fiber* The 

organic fiber may be Kraft fiber, newsprint fiber, polyester, ' "T 

-7- 
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cotton or tht± like. The purpose uf tti& organic fiber is. to 
provide "green strength" to tha raided body prior to Its being 
cured by steam triduration and a ho to provide strass distri- 
bution during drying and coring,- 

In one enfcodtfiisnt tha dsr-y mature may also cosrtaln 
up to 20 parts by weight of synthetic Inorganic fiber* such as 
mt.neral wool and/or glasa fiber, but not Including asbestos 
fioer (wfricn is a natural mineral fiber). The Stfntfc&Ctt 
Inorgkntc Mtar provides a measure of "green sti^ncith" and 
permits reduction 1« the amount of kraft fiber or other organic 
fiber required, the synthetic in orotic fiber also provides a 
degree of dry retnfaircRnieirvfc of the tobe-rmonte caldun si Heats 
hydrate matrix <it ele-vaitd temperatures. 

In another embngfimanc the dry mixture also contaicu 
up to 20 parts by wfilyht, and preferably S to 15 parts by 
walght, of perUttf- TKo parlfte serves as a ligfttofleiglrt 
aggragata ijid permits up to about IDS reduction In each of toe 
lime and iilica contents. 

Any of the additional components-, tht synthetic 
inorgaMc. fibers or p«r1it«3, may 1*2 present at&ne or f.n 
various combinations. 

The insulating body of th* present invention is made 
by forming an. aqueous slurry of the Uras, stUca, wflastonlte 
and orgnaic fibers; *ud any of the other destrfle! dry components 
(but, of course* 'no asbestos). The slurry will contain at 
lea At one part by height of vater par part of dry mtstura of 
Solids. The particular ratio of vatier-to-soltds will donetid 
otq the type of molding proce&s used.. Inhere a *Magnarvt* iholdui? 
machine 1s to be used* the ratio- would be about 1:1 or lightly 
hfgher. A press mid wr>uld usually re<m?re a. ratio in LV? 
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range of 2:1 to 6:t woJte a Fourdrtnter sxichln^ wuH require 
about 5:1 to 10:1. TMs slurry is mixed fur several tfttnutas 
to disperse tft& dry solids, thoroughly throughout the slurry. 
Thereafter the slurry is ninTdetf to th£ desired &h*pe, and 
e«ou<}h water Is exp rested From the slurry to l^ve $ shape- 
rstatrnng iralded body having- a density of at" least 20 pcf 
CQr3 o/citi 5 } an<* preferably at least 35 pcf (O.Sfi g/cm 3 ), 
Mnmia^iy density J>e In the range of 35 to 80 pcf to 
1-28 g/cm 3 ). Typically such a shape 1 js a flat hoard havfng a 
width of from 2 to 4 feer (6i> u 120 cm) s & length of frcn* R to 
16 feet to 500 cm) ftarf a thickness nf from \/2 to I inch&s 
(1.2 to 5 cm). 

The maided board Is then placed in am Indurating 
unit, such as an autoclave, where it 1s cured in the presence 
of high pressure saturated at earn to cbuss substantially all of 
the ltKie and silica Lu react in Lh6 presence of the remaining 
water to- form a totesriuorite calcium silicate hydrate matrix 
throughout th* entire board. 5 team indurating i& dependant on 
hath time and tamper a ture, *r\d normally foUovrc tfie "ru le of 
thumb" that a \GTZ lia fl F} rirc In temperature double!; the 
reaction rate* Minimum parameters for "Indurating of the 
products of this invention would be hoar? in saturated stearo 
at 100 psig (336'F; 6-& atmg, 17Q°C). Variations can bo and* 
1n either or botti time and temperature ac curding ta the above 
"rule of t&urcfr," Induration periods of 15-20 hours at 100 pstg 
t^.tf *tmg) saturate steam have proved quits satisfactory. 
Press ures over 2 DO pslg f.13.6 atrrjg) and in duration periods over 
20 hours are to he ayofded, however, for the more severe 
conditions favor th* formation cf xonot\1 Ce," and su=ch format ton 
6e feats the purpose of this lnventionr. 



-9- 
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1 The molded bodies thus, cursd are Mgh strength, htgfc 

density, asfcevtos-free, crack-reaf.stanL, non-ccwibu-gtthle 
totermoritc the rm 1 insulation*, which have b+jen found to 
pawtde significant thermal lusuiatton and fire resistance for 
such uses as. *hip bulkheads, wen wall 5 ond the Uke. 

In a topical p^rcple, a dry jntxture. comprising 
approximately 12 percent titrated Ifaa, as weight 

percent silica* 50 weight percent woll^tonite, and 6 vfclght 
percent kraft fibsr, vras slurried in 5 part* witer per pari: 
10 Of dry nature. This was then molded In <i pressure jnol d at a 

pressure of MOO psi (93 kg/ens 2 } to fom a board 4 ft wide 
by a ft. long by 1 fnch thick [120 au x cm x 2,5 an) 
having a density of approximately 46 pcf (0,74 g/cn'r*). The 
molded board uas then autoclaved 1n the presence of steam for 
20 hours at a saturated. 5 teem pressure of lOfl pMg (.336° F; 
<5,& atmg. 170 D C) . Following curing and drying the board 
fownd to have 3 moisture ton^t of apprcudmately a 
modulus of rupture of approximately &50 p<?i (60 kg/tfii 2 ), * 
length and vjldft shrinkage a-fiar 5 tours at |2IN)*F (£50° C) 
of lass than in ea.ch d^ectton. The crystalline mlri* 
was entrrely toberaoHte* 

in another typical example v a dry mixture containing 
17 weight percent hydra ted "lime* 17 weight percent stllca, 
6Q wetght percent wolU*ton1te and 6 weight percent Wt fiber 

slurried In 3 parts water per part of dry mixture, Tbia 
was then molded in a pressure mold at a pressure of 1400 pst 
(.127 kg/cni z ) ?. d f m a board * ft- wide by S ft. long hy 1 Inch 
thick (120 cm x 240 x ?.,5 cm] and. having a density of 
appraxt&atety 65 ?cf (1,04 g/cni 3 J, molded board was ■ 
tben autoclaved tn the presence of steam for 2U fours at a 
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saturated stoara pressure of 100 palg- (338°F; S.£i ntmj* i7Q ff C). 

Following curing and drying the board was found to bftVft 

a jratsture content of approximately 12, a modulus of rupture. 

of approataeely 150Q psl fjQ5 kg/an*}, a length and width 

ihrfnkage after 5 hours at 1£QD*F (SSO'C} of less titan 

in Mch direction, the crystalline matrix was entirely 

tobernprfte. 
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Patent Document Number 1129575 : 

HIGH DENSITY ASBESTOS-FREE TOBERMORITE THERMAL 
INSULATION CONTAINING WOLLASTONITE 

ISOLANT THERMIQUE DE TYPE TOBERMORITE CONTENANT 
DE LA WOLLASTONITE, SANS AMIANTE ET A HAUTE 
DENSITE 



CLAIMS: 



WHAT IS CLAIMED IS: 

1. A high density asbestos-free tobermorite thermal insulation 
body formed by slurrying a mixture consisting essentially of, in 
parts by weight: 15 to 35 parts lime, 15 to 35 parts by weight of 
a siliceous component, 40 to 70 parts by weight wollastonite, 
and 1 to 10 parts of organic fiber, and where the wollastonite 
content is at least 40 percent by weight of the total weight of 
solids, said mixture containing no asbestos fiber, in at least one 
part by weight water per part by weight of dry solids in said 
mixture; molding the slurry to a shape-retaining body having a 
density of a least 



20 pcf, and thereafter curing said molded body in an atmosphere 
of steam at elevated pressure for a sufficient time to cause the 
lime, siliceous component, and water to form a tobermorite 
calcium silicate hydrate matrix reinforced by said wollastonite. 

2. A thermal insulation as in Claim 1, wherein said mixture 
further consists essentially of up to 20 parts by weight of 
synthetic inorganic fiber. 

3. A thermal insulation as in Claim 1, wherein said mixture 
further consists essentially of up to 20 parts by weight of perlite. 

4. A thermal insulation as in Claim 1 wherein said organic fiber 
is a kraft fiber, newsprint fiber, polyester, or cotton. 
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5. A thermal insulation as in Claim 1 having a density of at least 
35 pcf. 

6. A thermal insulation as in Claim 5 having a density of 35 to 
80 pcf. 
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